Genetic analysis of Xenopus transcription factor IIIA.
We describe a method for the genetic analysis of the DNA-binding properties of Xenopus transcription factor IIIA (TFIIIA). In this approach, a transcriptional activator with the DNA-binding specificity of Xenopus TFIIIA is expressed in yeast cells, where it specifically activates expression of a beta-galactosidase reporter gene containing one or more Xenopus 5 S rRNA genes that function as upstream activator sequences. This transcription-promoting activity was used as the basis for a genetic assay of Xenopus TFIIIA's DNA-binding function in yeast, an assay that we show can be calibrated quantitatively to allow the affinity of the Xenopus TFIIIA-5 S rRNA gene interaction to be deduced from measurements of beta-galactosidase activity. We have combined this genetic assay with a simple and efficient method of mutagenesis that makes use of error-prone PCR and homologous recombination to generate and screen large numbers of TFIIIA mutants for those with altered 5 S rRNA gene-binding affinity. Over 30 such mutants have been identified and partially characterized. The mutants we have obtained provide strong support for the application to intact TFIIIA of recent structural models of the N-terminal zinc fingers of the protein bound to fragments of the 5 S rRNA gene. Other mutants permit identification of important residues in more C-terminal zinc fingers of TFIIIA for which high-resolution structural information is not currently available. Finally, our results have interesting implications with respect to the mechanism of activation of transcription by RNA polymerase II in yeast.